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I.  Introdaction. 

In  recent  years  appeared  several  sensational  publications, 
connected  with  Aaerican  trader's  naae  Hinto  and  concerning  the  "new 
fcra  electroaagnet ic,  until  now,  not  studied"  the  eaission/rad iation, 
Mith  the  aid  of  which  aarine  aniaals  are  coaaunicated  with  each  other 
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at  large  distances  by  the  aeans  of  negligibly  stall  power. 

therefore  it  is  useful  to  exaaine  guestion,  at  which  aaxiaua 
distances  larine  aniaals  cculd  be  coaaunicated  with  the  aid  of  the 
already  studied  by  tan  radio  engineering  fields. 


IJ.  Literature  survey/coverage. 


{f  we  exclude  froa  the  published  laterials  the  coapletely 
fantastic  report/c oaaunications,  which  pursue,  probably,  advertising 
tar geti/pur poses,  then  will  be  obtained  following. 

Apparently,  the  first  publication  appeared  on  22  March  1965  in 
the  newspaper  of  "electronics  news"  [1]. 

Correspondent  wrote  scae  stateaents  Hinto  about  those  waves, 
which  it  reveal/detected  allegedly  for  the  first  tiae:  "hydronic 
waves  are  the  unusual  underwater  electroaagnetic  radiations,  which 
were  being  spread  only  through  water  and  connected  with  electrical 
oscillations.  In  this  case  the  word  is  spread  on  250  yards  (238  a) , 
euid  telegraphic  transaission  - to  30  ailes  (55  ka) . 

Coaaunication/connection  affects  neither  salinity  nor  teaperature  nor 
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pxessare  nor  agitation  of  surface  nor  interference  from  thunderstora 
or  poaerful  aotor  installations.  By  the  aeans  cf  transaitter  with  a 
power  0.1  H it  is  possible  to  be  coaaunicated  at  238  a".  In  10  aonths 
the  saae  correspondent  there  gives  new  interview  [2]  with  Hinto, 
which  it  said:  "was  developed  antenna  for  the  reception  of  the 
underwater  signals  of  fishes  ....  Eaission/cadiat ion  is  oriented 
along  the  axis  of  dipole  .... 

Page  9. 

A saall  hydronic  receiver  can  pick  up  signal  frca  soae  foras  of 
fishes  (aackerel  - of  this  coanon  mackerels)  at  distances  into  1000 
yards  (914  a)  and  wore  ....  This  coapletely  new  vector  radiation 
field  of  energy.  It  it  is  not  possible  siaply  tc  explain  by  the 
fields  of  conductivity,  by  the  radio  waves,  the  acoustic  waves  or 
other  earlier  known  phenoaena  ....  We  began  to  understand  fishes".  In 
one  of  the  report/comaunications  this  saae  period  [3]  it  is  said: 

"the  new  fora  of  electromagnetic  radiation  is  spread  in  water  in  the 
aannei  that  radios  in  air  ....  Hydronic  waves  Rinto  are  emitted  along 
the  a^is  of  dipole  antenna  ....  Air  for  hydronic  waves  so  we 
nonpeoetrate  as  water  for  radio  waves  ...'.  Here  utilized  frequencies 
fcoa  less  than  1 Hz  (and  above)  ....  The  best  antenna  consists  of  the 
pair  of  the  autually  parallel  plates,  which  radiate  normal  to  their 
plane  ....  Hydronic  waves  are  utilized  by  all  fishes  for  orientation 
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and  fpr  coiBunication/connection  ....  Hinto  it  crganized  conaercial 
fir*". 

In  aany  report/coaaunications  are  repeated  approxiaately 
previQus  inforaation  [4].  For  exaapie,  in  [5]  it  is  noted  that  with 
the  aid  of  antenna  by  the  length  of  50  feet  (15  a)  at  power  10  W it 
is  possible  to  betray  voice  up  to  distance  aore  than  300  foot  (90  a). 


lithout  dwelling  in  detail  on  the  fantastic  part  of  these 
report/coaaunications,  it  suffices  for  an  exaaple  to  note 
ccnfiraaticn  [5],  as  if  was  observed  coaaunication/connect  ion  at  a 
distance  of  1500  feet  (430  a)  between  two  apparatuses  (transaitting 
frequency  7 MHz),  lowered  in  water  at  depth  to  250  feet  (71  a)  at  the 
power  cf  transaitter  250  H,  the  force  of  receiving  signal  not 
depending  on  the  submersion  depth  of  apparatuses.  It  is  well  Known 
that  if  the  test  was  run  correctly,  this  result  could  not  be 
obtained.  The  radio  waves  of  so  high  a frequency  and  aoderate  power 
can  be  accepted  in  the  sea  water  not  of  further  a few  aeters. 

Qnfortunately , in  the  Soviet  literature  are  encountered 
erroneous  estiaations  supposedly  high  scientific  significance  and  the 
practical  prospect  cf  this  underwater  radic  ccaau nication  (6].  In 
this  case  to  the  fantastic  parts  of  advertising  character  is  given 
sotetiaes  the  primary  aeaning. 


i 
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III-  Description  of  radio  engineering  acdel.  j 

i 

1 

Without  subaerging  in  insufficiently  illuainated  biological 
farts  of  excitation  and  reception  of  electromagnetic  signals  by 
marine  animals,  I investigate  the  electrod ;na aic  (radio  engineering) 
fossibilities,  which  could  serve  as  basis/base  for  the  exchange  of 
information  between  these  animals  at  large  distances. 

Ihe  geometric  form  of  marine  animal  can  be  approximated  with 
high  accuracy  by  general  ellipsoid.  In  the  case  of  the  imperative 
necessity  this  model  can  be  it  will  be  utilized  in  the  future; 
however,  it  requires  very  cumbersome  calculations  [7,  8]. 

Page  5.  * 

For  simplification  we  will  be  restricted  to  model  in  the  form  of 

prolate  spheroid.  ' 


c 


The  electric  field  of  the  charged  ellipsoid  of  revolution  is 
well  studied  already  in  the  extent/elongation  of  century.  It  served 
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Abrabaa  as  successful  basis  for  the  analytical  study  of  the 
eaiss^on/r adiatioa  of  adjusted  half-wave  di(^ole  [9].  Haxinua  length 
of  the  body  even  of  largest  sarine  aniial  - blue  whale  - only  33  b 

[10] .  In  the  case  of  resonance  in  water  (dielectric  constant  e=8n 
this  length  would  correspond  to  the  freguency  of  the  basic  natural 
oscillations  of  this  whip-type  aerial  0.505  HHz.  The  electromagnetic 
waves  of  this  freguency  in  sea  water  with  specific 
resistor/resistance  into  4 Q*a  are  absorbed  in  e once  already  at  a 
distacce  0.3  a [11].  Hence  it  is  evident  that  tarine  animals  cannot 
use  the  advantages  of  the  electromagnetic  tuning  of  their  tody  for  an 
interconnection  at  large  distances.  Inasmuch  as  the  superstandard 
range  of  electromagnetic  waves  increases  with  a freguency  division 

[11] ,  the  only  path  to  use  by  them  the  electromagnetic  field  of  radio 
engineering  frequencies  is  directed  only  to  the  side  of  low 
frequencies. 

it  low  frequencies  the  size/dimensions  of  marine  animals  will 
turn  qut  to  te  very  small  in  ccmparison  with  the  appropriate  length 
of  electromagnetic  wave  in  sea  water.  Therefore  their  body  had  been 
generate  or  receive  in  the  event/reports  of  the  exchange  of  the 
ioforaatiOD  only  of  field  virtually  stationary  (as  time-independent) 

- this  will  be  the  phenomena  of  virtually  "direct  current". 


In  view  of  the  insufficient  distinctness  of  our  information 
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about  the  possible  aechanisa  o£  the  generation  of  electric  currents 
by  aacine  aniaals,  and  also  about  their  sensitiiiity  to  extraneous 
electric  fields,  thus  far  it  is  necessary  to  he  restricted  to  further 
siaplif ication  in  the  model  of  anical  as  generator  and  the  receiver 
cf  loa-f requency  electromagnetic  field  for  the  purpose  of 
long-distance  coamunication. 

let  us  bring  together  this  idealized  model  to  eguipment/device 
of  experiaental  Hertz  oscillator:  two  metallic  spheres  of  the  small 
radius  r|  whose  centers  are  arranged  at  a distance  h,  are  connected 
with  each  other  by  the  isolated/insulated  rectilinear  conducting  rod, 
in  which  is  included  point  generator  or  the  receiver-indicator  of 
alternating  current.  The  condition  of  the  validity  of  this 
idealization  are  the  inequalities 
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For  large  distances  and  low  signal  frequencies  this  aodel  very 
corresponds  precisely  to  theoretical  pcint  dipcJe. 

Page  A. 

IV,  Esission/radiat ion  of  dipole  in  the  conducting  dielectric. 

§1.  Propagation  in  vacuum. 

By  the  equation,  which  describes  the  harmonic  emission/radiation 
of  model  dipole  (h  <<■  R)  in  boundless  vacuum,  it  is  possible  to  attach 
in  spherical  coordinates  R,  a,  0 following  form  [12]: 


(1) 
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the  origin  of  spherical  coordinates  is  placed  to  the  center  of 
nodel  dipole.  £h.  are  radial,  and  meridional  components  of  electric 
intensities,  I - current  on  input  terminals  in  the  rod  of 
transmitting  dipole,  h - the  length  of  this  rod  is  a shoulder  of 
dipole,  u is  an  angular  signal  frequency,  Cg  is  electrodynamic 

constant,  t is  the  current  time. 

The  totality  of  equations  (1)  is  accurate  at  any  finite  real  or 
composite  (in  accordance  with  the  application/use  of  a symbolic 
method  of  designations)  values  of  the  quantities  during  the  only 
limitation : 

xiA/t’o  « 1 . 

i 

! 

i 

§2.  Propagation  in  the  conducting  dielectric. 

Table  1 shows  the  values  (in  vacuus,  in  perfect  dielectric  and 
i in  the  conducting  dielectric)  of  the  current  density  of  displacement 
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of  energy  m and  of  the  nave  factor  k.  In  accordance  with  Table  1 
equations  (1),  written  for  a vacuum,  automatically  are  copied  for 
ether  media  as  follows: 


^’^Jr  — (*  +'*/?) -2 COS 6- exp  [t  {u>t  — kR)\, 


4^7,  = ^v  I'  + I -slnS-exp  [/ (W  — kR)\. 


(3) 


Here  and  /\  - respectively  radial  and  meridional  the  components 

cf  current  densities  in  the  medium. 
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Page  7.  Table  1.  Conpaciscn  of  some  values  for  the  vacuum,  ideal  and  j 

Hhich  leads  dielectrics.  j 
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Key:  |1).  Mediua-  (2).  Current  densities.  (3).  Fhase  signal  velocity 
c.  (4)..  Group  velocity  of  propagation  of  energy  v.  (5).  Have  factor 
k,  (61.  Vacuum.  (7).  Perfect  dielectric.  (8).  Conducting  dielectric. 
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For  field  of  view  and  simplification  in  the  form  of  equations  it 
is  expedient  to  pass  to  dimensionless  variables  respectively  for  a 
frequency,  a distance  and  the  time 


. iu>8 

P = “f=Ar. 


a = 


i/  1^ 


7 = 


4 no/ 


-1 7:3/1 


H,  ‘ 


Here  for  the  unit  of  distance  is  selected  the  half  thickness  of 
high-frequency  (with  u)>4it3e  .)  skin-layer,  and  for  the  unit  of 
frequency  - the  critical  frequency,  by  which  the  current  densities  of 
conductivity  and  displacement  are  equal  on  module/modulus;  for  a sea 


water  iu^=. 10”  rad/s 


DOC  » 77010598 


PAGE 


/3 


Li) 

1o  Uravneniyapridat '^this  diaensicnless  fcra: 


, exp(pr)-  ^ (1  -\-a  V p-\-p-)-c\^{  — aYp-\-p-  ), 

V ~ = g X p (p r) • [\-YaVp -Yp^  + (p  + P')]  X 

Xexp(  aVp-i(-p-).  (5) 


Ir  this  form  they  show  that  the  results  of  radio  engineering 
experinent  differ  from  the  results  of  experinent  on  the  direct 
"current  of  spreading"  (with  p = 0)  only  in  tens  of  such  cowposite 
factors  (without  considering  exp  (pT)): 


yiv=(l  + a(>+p0exp(  — olZ/j  + A?*), 

Ve  = [l  + fl  Kp  + A'  + a’  {P+P")\  • exp  ( — a V p-\-p'^)  = 

= [ 1 + a Viq  — {iq  — <?*)]  - exp  ( —aVp  + f^).  (6) 
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Ikerefore  for  the  equatorial  direction 

^,=  (1  +a(a-f 2/7[i)|-ox|j  [ u(a  -f-/‘i)|  = 

= |1  aa  — a^-g* ia'i  {\  -|-2a»)]*exp  f-  u(a-f  i?!].  (^) 

Por  a polar  direction  foraula  (9)  is  siaplified 

= 1 1 4- a (a  -|- /(J)]  • exp  [ — a (a  + i'i)\ . (ID) 
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«hus  the  analysis  c£  different  radio  engineering  versions  is 
broaght  to  the  analysis  only  of  freguercy-dependent  expressions  (9) 
cr  (10). 

§3.  Radio  engineerirg  analysis.  Equatorial  direction. 

1.  At  the  high  frequencies 

= rad/s  9.1,*  • 1 2,  fJ  9, 

.Ve  ->  {ii/  — 9-)  ■ exp  ( — -7,-  + laq).  (11) 

Ihe  a^dulus  of  expression  (11) 

^ ) (12) 


has  a naxiiUB,  deternined  by  the  differentiation 


— ' . ' ' ■ ' ■ 
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Hhenc4  the  coordiaate  of  laxiaua  and  its  height 

= |j-.U„  = 4^-«/-exp(-2)  = 2.l6536</^  (13) 

The  course  of  value  is  depicted  on  Fig-  1 in  the  function  of 

nondiiensional  distance  a in  the  form  of  curve  1. 

In  connection  with  the  extremely  high  frequencies,  which  figure 
as  in  these  formulas,  this  radio  engineering  approach  to  problem  can 
turn  ^ut  to  be  incorrect  and  therefore  necessary  its  separate 
examiaation  from  optical  point  of  view  (see  VIII). 

E.  The  case  of  critical  frequency,  when  bias  currents  on 
Bodul«/aod ulus  are  equal  to  conduction  currents  by  formulas  (4)  and 

ui  = u)^  = 2i:- 10"  cad/s  </  = l, 
a = y-L(^2-ij  = 0,45514,  ^ + 1 ) = 1 ,0!>«(i9, 

= [ 1 -f  0,455 14a  — a^  + ta(1 ,09869  + a) ) 

X exp (— 0,45514a— /a).  (11) 


Ihe  If dule/aodulus  of  factor  Ve  is  equal  to 


I I = [(1  -(-  0.4551 4a  - a*)*  + o'  ( 1 ,09869  -f  o)‘'] ' e “ = 

= {1  + 0,207107o*  + a*  + 0,9I028o  - 2«'  - 0,91028  o»  | 

+ 1.207107o'  + 2,19738a»  + a<)'^-e  = 

= (1  -f 0,9102tk/-0,585786o''+  l,28710o’  + 2 a‘)‘''-e^''“"".  (15) 


Page  10. 


lo  Table  2 ate  brought  the  calculated  values  of  Bodule/modulus  ye  at 
soae  values  of  a.  This  table  shows  that  at  critical  frequency  the 
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greatest  field  is  acrange/located  about  the  saie  nondiaens iona 1 
distaace  a = 4,  which  corresponds  by  fciaula  (13)  to  the  large  values 
cf  g.  Let  us  note  that  at  this  value  of  a distance  R coaposes  a total 
of  2 hhicJcnesses  of  high-frequency  shin-layer  and  for  a sea  water  it 
is  apf roxiaatel y equal  to  to  2 ca.  The  effective  height  of  dipole  h 
aust  be  auch  less  than  2 ca.  in  order  that  the  used  equations  would 
te  here  used  (aniaals  aust  be  aicroorganisas)  . 
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Fig.  1.  nodule/Bod ulus  of  radio  engineering  correction  >yl  to  the 
direct  current  of  spreading  as  a function  of  distance.  As  the  unit  of 
length  is  accepted  the  half-thickness  cf  high-frequency  skin-layer. 
Equatorial  direction:  1 - high  frequencies,  q 1 , formula  (11);  2 - 
tlie  critical  frequency  q = 1,  formula  (15)  ; 3,  »(  - low  frequencies,  q 
= 0.3  and  0.1  respectively,  formula  (15)  and  (17)  respectively.  The 
polar  direction:  5.  the  critical  frequency  q = 1,  formula  (26)  ; 6 - 
the  same,  but  it  is  multiplied  2. 


Page  11. 

Common/general/total  considerations  about  the  radiation  field  of 
large  animals  here  insufficiently,  but  for  large  distances  (R  » 2 
cm.)  these  frequencies  are  useless. 

Table  2 (Fig.  1,  curve  2)  shows  that  raising  the  frequency  to 
the  critical  it  contributes  to  an  increase  (abcut  value  of  a = 4)  in 
the  radio  engineering  signal  almost  4 times  in  comparison  with  the 
signal  of  the  currents  cf  spreading.  At  large  distances  the  signal 
strongly  decreases. 

C.  Range  of  the  lew  frequencies 


* 
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1 > 2a*  = 9 — if-  -|-  + • • • . ^ -y  2fl-  — ^ + </■  + VM-  • • • . 

2f  ~ if 2<i^ -*  0.  (IG) 

i 

J 

1 

i 


Ftca  |9)  we  find 


(1  +aa  — a--4a*)--f-  (1  + 2<Ja)|-  — (1  +U3)-  -f- 

-f  [rta(l  4-2iia)|'=  1 -}-2^ia  + 2((Ja)*  + -^(“*)''“! 

= 1 4-2u  + 2«-  + 2h*(2//  + 2m-).  (17) 


Here  by  letter  u markedly  nondimensional  distance,  whereupon  as  unit 
are  accepted  thickness  of  skin-layer  at  the  given  frequency  [12, 
pages  413] 
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Table  3 (Fig.  2,  curve  1)  gives  seme  values  of  quaatity  |(/el.  From 
these  materials  it  is  evident  that  at  the  Ic*  frequencies,  when  1 > q 
c,  is  a small  maximum  of  radio  engineering  signal,  by  height  of 
approjfimately  1.45  at  value  of  u = 3/2-  This  means  that  he  is 
ebserted  at  a distance  3/2  from  the  thickness  of  skin-layer  at  the 
assigned  frequency. 
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Table  2.  Values  lyl  at  critical  frequency  (q  = 1)  for  some  values  of 
npndimensional  distance  a. 


lA6ut 


a 

1 >6 likB 

Iv  1 

1 1 no.ijipM 

0,5 

1,00577 

1,0712 

1,0 

1,3627 

1,1570 

2,0 

2,6318 

1,1717 

3,0 

3,5668 

1,0357 

4,0 

3,9322 

0,84563 

6,0 

3,4209 

0,49363 

10,0 

1,5379 

0,12990 

U—U'l  1 

i >'11 1 

|y/fl 

0.5 

1,09345 

0,9.5898 

1,0 

1,32643 

0,82262 

1,5 

1.45034 

0,65054 

2,0 

1,41294 

0,48796 

3,0 

1,00435 

0,24894 

4,0 

0,66571 

0,117281 

5,0 

0,37278 

0,042624 

8.0 

0,045722 

0,0040393 

lu.O 

0,0095472 

0,00067492 

Key;  Jl)-  is  polar. 


Table  3.  Values  lyl  at  low  frequencies  |1  S>  q 


2*2 


0) 
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Fa^e  12. 

Hithin  Units  from  u = c to  u = 3 frequency  characteristic  of 
frequency  factor  occur/ flow/lasts  virtually  horizontally.  If  we 
assume  for  sea  waves  » = 4 om"iin~^  then  frequency-ad vantaqeous 

conditions  (maximum)  will  be  determined  by  the  formula 


* f 0,0^  .p  nn  i)  ryi 

— J — Hi  > 'o  — , 


(20) 


here  f - in  hertzes,  R - in  kilometers,  Tq  - in  seconds.  The  correct 
selection  of  frequency  here  is  very  important,  since  the  excess  of 
frequency  against  doubled  value  (20)  will  bring  to  a catastrophical 
decrease  in  the  dimensionless  radio-frequency  factor  |//bI.  Actually,  at 
very  large  values  of  u S>  1 it  will  te  obtained 

|j',| 2u--exp  (— «).  (21) 

Sith  high  frequencies  the  module/aodulus  I </«!  steeply  decreases,  so 
that  the  low-frequency  conpenents  of  serrated  signal  the  more 
considerable  exceed  high-frequency,  the  greater  the  distance  a (or 
F) . narine  animals  can  utilize  the  received  by  them  frequency  course 
of  signal  strength  to  evaluate  distances  from  their  underwater  radio 
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§4.  Radio  engioeericg  analysis.  Polar  direction. 

For  this  direction 

Vj^  = (l  +aa  + /afi)-exp  [— a(a  + /p)l.  (22) 

Rodula/nodulus  of  this  expression 

1 j,  I = 1(1  + aa)*  + aY]'^^. exp  (-  cn).  (23) 
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Fig.  2.  Nodule/nod ulus  of  radio  engineering  correction  |y|  at  »ery 
Ipw  frequencies  1 q — ^ C as  a function  of  nondinensional  distance 
u = a9,  the  expressed  through  thickness  skin-layer  at  the  given 
frequency:  1 - the  equatorial  direction;  2 - polar;  3 - the  sane  as 
2,  but  taking  into  account  factor  2 in  formulas  (1),  (3)  and  (5). 

Page  13. 

A.  At  high  frequencies. 


+ + . (21) 
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E.  At  the  ccitical  frequency 


q^\,  a.  — 0,455 1 4,  p — 1 

)'/e  = (l  +0,45514a  -f-M,O986ya)'exp(— 0,4551  Wi-\-iu'ii).  (25) 


i|» 

The  Bcdule/Bodulus  of  this  expression  is  equal  to 

ii 


|y^|  = (l  +0,yi028a  + 0.207 107«'+  1 ,207107a-)' 

=--  (1  +0,91028a+  1,4 1421 4a’‘)'  ’■€  (26) 


The  results  of  calculation  by  this  foroula,  given  in  Table  2 and 
in  Fiq.  1 (curve  S) , show  that  only  at  the  close  distances,  when 
nondiiensional  distance  a does  not  exceed  approxiaately  0.7,  signal 
in  polar  direction  a little  it  exceeds  signal  in  the  equatorial 
direction,  if  we  consider  factor  2 in  fornula  (5) , then  polar  signal 
will  nxceed  equatorial  (Fig.  1,  curve  6)  approxiaately  to  values  of  a 
Jfc  8* 

C.  At  low  frequencies. 

I,  '«P)-L‘xp(  (la  — in'?).  (27) 
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SguarA  aodulas  ly/^l  is  calculated  as  follows: 


I r = (1  + + tt V + uY)  ■ e-*"*  = 


1 —2^3 
I - 4i» 


-2ua 


m) 


Ike  corresponding  values  |y;;|  are  given  in  Table  4 and  in  Fig.  2 
(curve  2). 


It  proves  to  be  that  for  a polar  direction  the  high  frequency  of 
the  signal  of  no  advantages  gives:  radic  engineering  signal  always 
less  than  the  signal  of  the  direct  current  cf  spreading.  True,  if  we 
consider  factor  2 in  foraulas  (1),  (3),  (5),  profitably  differing 

polar  direction  fron  the  equatorial  with  direct  current,  then  is 
noticeable  (Fig.  2,  curve  3)  that  the  signal  in  polar  direction  is 
spread  further  at  values  ^ < u 1.35.  This  value  corresponds  to 
signal  frequency  within  the  Units 


0</< 


0,0405 

’ 


{2<i) 
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here  £ - in  hertzes,  8 - in  kiloaeters. 

iith  very  high  frequencies  and  distances  it  is  possible  to  write 
-►  K2-«-exp(  - «)=  i'’2  «a  exp(  aa).  (30) 

Cage  14. 

The  conparison  of  this  expression  with  forvula  (21)  shows  that 
under  these  conditions  the  signal  in  polar  direction  is  absorbed  in 
larger  aeasure  than  in  equatorial.  This  neans  that  the  observers,  who 
reveal/detected  in  polar  direction  larger  signal,  could  not  utilize 
high  frequencies  for  this  fcr#  of  connunication,  but  they  used  the 
currents  of  spreading. 

§5.  Final  radio  engineering  observations. 

Itoa  calculations  into  §3,  4 it  is  evident  that  in  the 


equatorial  direction  the  radio  engineering  correction  for  distances 
approxinately  1 < a < 10  is  favorable:  the  sigral  of  alternating 
current  nore  than  the  signal  of  the  direct  current  of  spreading. 
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fiadio  engineering  correction  is  positive  (lyel>I)  in  the  equatorial 
direction  and  is  negative  (I</nI<1)  in  pclar.  Polar  direction  retains 
its  advantage  only  in  the  relation  to  accepted  as  basis  the  current 
distribution  of  spreading,  which  in  polar  direction  twice  exceed 
equatorial. 

However,  distance  a = 4,  with  which  the  advantages  of 
altercating  current  are  presented  ■axiium,  it  cccposes  in  all  the 
twofold  thickness  of  high-frequency  skin-layer.  For  exacple,  value  a 
= 4 cfBprises  for  fresh  water  43  a,  for  carine  2.15  ca.  [11]. 

For  the  rational  selection  of  frequency  at  large  distances  one 
should  use  foraulas  (20)  and  (29). 

If  we  examine  foraula  (20)  frca  the  viewpoint  of  inforaation 
theory,  then  it  it  is  possible  to  interpret  so  that  the  duration  of 
the  time,  required  for  the  transmission  of  informational  unit  under 
frequency-advantageous  conditions,  is  proportional  to  the  square  of 
the  distance  between  the  being  coamunicated  individuals  of  aniaals. 
At  clpse  distances  the  velocity  of  exchange  can  be  auch  larger  than 
on  distant. 


•n  the  other  hand,  the  physical  structure  of  formula  is  such,  as 
if  under  these  conditions  inforaation  is  spread  according  to  the  lavs 
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of  diffusion.  The  corresponding  "coefficient  of  the  diffusion  of 
f requency^advantagecus  infornation"  conprises  by  foraula  (20) 

D = 0,045  k*»/s  (31) 

It  is  understandable  that  under  these  conditions  the  distance  of 
coBBUBication/conn ection  is  substantially  acre,  if  marine  aninals  do 
not  use  an  example  bat.  Bat  with  probing  it  is  necessary  in  the 
considerations  of  directionality  to  use  the  carrying  high-frequency 
ultrasound,  modulated  conformably  to  form  and  facts  in  amplitude  and 
io  frequency.  Marine  animals,  on  the  contrary,  are  forced  according 
to  the  considerations  of  an  increase  in  the  distance  of 
ccmmunication/connection  to  emit  directly  signal  itself,  but  not  to 
modulate  by  it  some  carrying  more  high-frequency  transmission,  which 
will  be  spread  to  smaller  distances. 

Ihe  phase  velocity  of  propagation  of  very  low-frequency  signals 
ty  focBula  out  of  Table  1 is  obtained 


(3-'> 


.—r  • >*-  f I ' 
— Co  ^ 2 [I 


. ttt  ‘ — 

0 I 2nji.3  j 


Page  15. 


Ihis  formula  shows  that  the  velocity  of  propagation  of  such  signals 
is  much  lower  than  the  speed  of  light  Co  net  cnly  because  the 
dielectric  constant  of  water  is  great  (e  = 81),  but  main  because  as  the 


unit  frequency  during  the  determination  of  dimensionless  quantity 
q it  was  necessary  to  select  enormous  frequencies  by  formulas  (4). 


Any  really/actually  low  radio-frequency  corresponds  to  very  low 

r 

values  of  q. 


The  group  velocity  of  propagation  of  energy  w,  computed  by  the 
known  formula 


w—- 


</U) 


if-) 


(3.i) 
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strives  on  by  the  datum  of  Table  1 tc  the  doubled  value  of  phase 
velocity.  The  duration  of  the  time,  necessary  in  order  that  the 
energy  of  signal  would  achieve  distance  R on  dimensionless  scale  and 
expressed  through  different  variables  by  formulas  (4),  will  be 
obtained 


y. _ 4it3/?  4r.:A?  'f/'  _ 

‘ 2ec  I ui  ~ 

4 f </  4« 


‘L  1/  _ 

- ' S'"  ')  . 'TTT 


2-/ 


W) 


1 


Formula  (34)  in  dimensional  form  assumes  the  form 


U -r 


(3')) 
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Fcrmulas  (34),  (35)  show  that  at  frequency-advantageous  value 

diaensionless  variable  u = 3/2  duration  of  the  emission  of  the  signal 
increases  as  square  of  distance  a cr  as  period  Tq  current  variations 
in  transmitting  dipole.  At  the  frequency-advantageous  value  of  u = 

3/2  by  me^ns  of  exception/elimination  ^.c  frca  formulas  (18)  and  (35) 
let  us  find 


Fprmula  (36)  shows  that  the  signals  reach  correspondent  virtually 
iostantly,  if  we  use  as  time  scale  the  period  cf  a change  of  the 
current  in  transmitting  dipcle  Tq- 


1 
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V-  Energy  considerations. 

the  completion  of  short  radio  engineering  (high-frequ 
analysis  makes  it  possible  to  now  turn  to  the  properties  o 
currents  - the  currents  of  spreading,  reflected  by  the  rem 
cell/41eiiierts  of  formulas  (5). 

In  right  side  the  significant  role  they  play  two  fact 
first  of  hem  h/R  1 presents  the  angle,  hearth  with  whic 
assigned  distance  R is  visible  length  h of  the  transmittin 
dipole  (possible  that  it  can  be  at  best  clcse  tc  the  lengt 
bcdy  ff  marine  animal). 


ency ) 
f direct 
aining 

ors.  The 
h from  the 
g physical 
h of  the 


The  second  factor  (sine  6 for  a tangential  field  in  the  place  of 
reception  and  2 cos  6 for  a radial  field)  eophasizes  the  advantages 
of  polar  direction.  This  direction  coincides  with  the  length  of  the 
tody  of  animal  and  corresponds  to  concept  "along  course"  its  action. 


the  left  side  of  formulas  (5),  which  can  te  reduced  to  the  form 
4«rB2j/I  it  shows  i hat  at  the  single  value  cf  the  right  side  of 
formula  (5)  the  current  density  j in  the  medium  at  the  assigned 
distance  R is  equal  to  the  current  in  the  transmitting  physical 
dipole,  distributed  to  the  area  cf  the  sphere  cf  radius  R. 

Is  a whole  the  current  density  of  signal  decreases  with  distance 
as  1/R3.  This  is  worse  than  in  vacuum  or  in  the  perfect  dielectric, 
where  is  realized  the  rule  of  the  decrease  cf  radio  engineering 
signal  1/R.  Therefore  it  is  necessary  thoroughly  to  weigh  the  energy 
resouEce/lif etimes  of  animals  and  the  pcssitle  ways  of  their  most 
advantageous  use.  For  a larger  certainty  let  us  be  and  further  apply 
radio  engineering  models,  ideas  and  methods  of  calculation. 

is  the  model  of  animal  will  be  useful  the  mentioned  above  Hertz 
doublet  - two  metallic  spheres  of  radius  ri  whcse  centers  are 
arranged  at  a distance  h from  each  other,  ri  <C h.  The 


-r 


cesistor/resistance  of  this  difole  can  be  calculated  according  to  the 
lules  cf  the  calculation  of  spherical  grounding  [13].  This 
calculation  gives 


(37) 


Here  in  numerator  is  placed  minus,  but  not  plus  on  the  strength 
cf  that  opposite  polarity  of  the  spheres  of  the  dissimilar  dipole 
unlike  the  used  in  electrical  engineering  a na Icgous/simila r grounded 
electrodes.  In  this  case  and  further  it  is  considered,  that  the 
diameter  of  the  rod  of  dipole  is  sc  less  than  the  diameter  of  spheres 
that  the  pcrtion/f racticn  of  the  surface  of  each  sphere,  deducted  by 
the  connection  of  rod,  can  te  disregarded  in  ccnparison  with  its 
reraiBing  surface. 


Ihe  power  of  current  in  the  medium  will  be  defined  as  In 

connection  with  the  fact  that  the  matching  conditions  of 
resistor/resistances  require  the  equal  expenditures  of  power  inside 
and  oBtside  the  source  of  signals,  total  power  during  the  ideal 
agreetent  will  be  determined  from  the  formula 

(38) 


DCC  =*  77020598 


PAGE 


49 


H«re  ^m»)L  is  an  amplitude  value  cf  cuctect. 

Page  17. 

Apparently,  the  most  electrically  active  aniaal,  that  preserved 
cn  the  earth/ground  up  to  now,  is  electrical  slope  [14],  The  length 
of  its  body  reaches  2 n,  weight  100  Kgf,  approximately  1/6  this 
weight  it  composes  the  weight  of  electrical  or gan/control.  The 
discharge  current  of  the  large  and  unfatigued/rested  slopes  reaches 
8a  with  300  V.  The  product  of  these  nuabers  is  almost  8*300  ^ 2.5 
kM,  and  quotient  estimates  the  value  of  resistor/resistance 
(necessary  to  set/assuse,  matched  with  the  medium) 


r'oo 


/?,  = ■— = 37,5  uM. 


m 


The  hence  effective  diameter  of  the  spheres  of  equivalent  doublet  is 
estimated  according  tc  formula  (37)  at 


I 


i:- 5 37.5 


.«=;0,17  CM. 


(40) 


Correcting  term  in  the  numerator  of  formula  (37)  is  negligibly  small 
in  ccsparison  with  the  unit 


-J-  = “ ’L  ~0  4- 10'*  "<'  1 
»■  — 2- 200  — ’ ' 


(11) 
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Ike  sarface  area  of  the  spheres  of  the  dipole 
S = 4itr'f  = 7:  0.17’‘  = 0.Uy  CM-  (42) 

can  b«  identified  approxiaatel y with  the  surface  area  of  the  exit 
sections  of  electrical  crgan/contrcl  on  the  body  surface  of  aniaal. 

The  radio  engineering  enissivity  of  electrical  slope  it  is 
possible  to  rate/e stiaate  the  Baxiaum  in  0«2  = 16  meteramperes. 


VJ.  Level  of  theraal  noises. 


( 

The  energy  potential  of  marine  animals  must  be  now  compared  with  j 

the  level  of  potential  interferences.  i 

i 

i 

i 

' let  us  allow  first,  that  the  sensitivity  of  the  organ/controls 

I 

I of  the  reception  of  electrical  signals  in  animals  is  limited 

exclusively  by  the  noises,  which  cccur  froa  the  thermal  agitation  of 
electrons  [15].  Such  a calculation  gives  the  maxiaally  conceivable 

i 

distance  of  comaunicaticn/ccnnection  (in  the  way  of  applying 

I 

* low-f lequency  electromagnetic  signals). 

I ^ 


Average  power  of  the  current  of  such  noises  at  room  temperature 
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is  (ietecained  by  the  fotaula 

= 1.56- 10-’ -A/.  (43) 

here  P - in  watts  Af  - in  kiloher tzes. 

let  us  assune  that  the  receiver  bandwidth  for  the  satisfactory 
tcansiissicn  of  inforaaticn  (as  this  is  obtained,  for  example,  for  a 
telegraphic  transmission)  is  egual  to  the  oaxiially  adopted 
frequency,  i.e. , Af  = f - 0 = f. 

Page  18. 

We  utilize  most  advantageous  frequency  by  formula  fcr  low  frequencies 
(20).  Ihen  we  obtain  the  estimation  of  the  intensity  of  noises, 
expressed  through  the  distance  of  the  cecepticn: 


P^  = l,56-10 


^ 0,045 _ 0,07.10- 


here  P - in  watts,  R - in  kilometers. 


let  the  model  of  the  receiver  of  marine  animal  will  be  the 
dipole  with  effective  height  h and  resistance  of  medium  toy 

fprmula  (37).  Receiving  emf  of  signal  at  current  density  j in  the 
medium  with  conductivity  • will  be  jh/o,  and  the  power  of  received 
signal  under  the  matching  condition  of  resistor/resistances  will  be 


[ 
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p _ J /‘ft*  2iiar|  ft Vj 


4/?, 


4a* 


’J 


(45) 


Hithin  the  fcameworic  of  the  accuracy  of  the  calculation  according  to 
the  direct  current  of  spreading  and  only  in  advantageous  polar 
direction  (i.e.  with  u < 2 cn  Fig.  2)  let  us  fird  from  formula  (5) 
the  value  cf  the  module/modulus  of  current  density  j of  useful  signal 
ia  the  medium  for  the  substitution  of  this  value  in  formula  (45) 


ft/ 

^ ~ 4n/?3  • 


(46) 


let  us  assume  that  the  effective  height  of  the  transmitting  and 
receiving  organ/controls  of  animal  are  identical.  From  eguations 
(38)  , (45)  and  (46)  ve  vill  obtain 


P — J_  ^ (ULY  — Jll  no  — 
3n  ■ 0 \R3  j ~33R»'r^  — 

~3a/?e  4/?3  j 


(47) 


From  this  formula  it  is  evident  that  the  pcvet  cf  receiving  signal 
with  the  currents  of  spreading  does  not  depend  cn  the  conductivity  of 
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the  ■«diaa  « and  is  pcopoctional  to  the  power  cf  transaitter  P,  but 
the  proportionality  factor  wholly  is  deterained  by  the  geometry  of 
the  construction  of  aodel  dipole  on  the  scales  cf  the  relative 
distatce  of  the  correspondents  B. 

let  us  assume  further  that  the  sense  organs  for  electrical 
signals  in  marine  animals  are  sc  ideal  which  fcr  the  reception  of 
infcraation  is  sufficient  in  order  that  the  power  of  signal  only 
would  reach  the  intensity  cf  the  noises:  Pc  = Pm. 


page  19. 


This  will  by  formulas  (44)  and  (47)  indicate 


0,07  IO-“  /''i*  V.  P 
/?>  ^ ’ 


(48) 


or 


P 

“ 0,07  10-“  ■ 


(49) 


I 
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Here  B - in  kilometers,  P - in  watts.  0tili2ing  the  mentioned  example 
ci  electrical  slope  [ 14  ] with  the  parameters 

r,  = 0,17  CJ<  = 0,17-10-‘  KM,  h = 2M  = 2-\^-'^  km,  P = 2,510*  « 


we  will  obtain  as  the  maximally  optimum  case; 


/?'  = 


(r , - A*)*  /'  (0, 1 7 • 1 0-5 . 4 • 1 0"  «)*  2,5  ■ 1 0“ 


1.1  10- 


1.1  10- 


10.  R—\  ,8  KM. 


Here  P - in  watts,  R,  h - in  kilometers.  The  mcst  advantageous 
fxeguency  cf  informational  momentum/impulse/pulses  by  formula  (19) 
will  ke  obtained 


,_J^045__^45  _ , , 
/ — ■“  3,2 


10 


1.2 


by  min 


(SI) 

m 
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Here  f - in  hertzes,  R - in  kilonetecs. 

Scarcely  whether  so  slow  an  infornaticn  flew  could  be  useful  to 
o«r  apdel  aniaal.  On  the  contrary,  the  currents  of  electrical  slope 
have  a character  of  short-tera  aoaentuf/iapulse/pulses.  After 
assuaing  that  the  frequency  of  these  acaentua/iapulse/pulses 
corresponds  to  1 Hz,  we  will  obtain  frequency-advantageous  distance 
ftca  foraula  (20) 

/?=  1^0,045  = 0,2  KM.  (52) 

At  this  distance,  which  9 times  than  less  indicated  in  (50),  the 
power  of  reception  by  foraula  (47)  will  be  obtained  5«10*  times  more 
than  the  intensity  of  theraal  noises  according  to  the  calculation 
conducted.  Signal  to  6 orders  the  more  powerful,  than  level  of 
thermal  noises,  is  presented  by  very  prcbable  fer  providing  reliable 
ccamuflication/connection  between  animals. 

On  the  other  hand,  if  animal  really/actually  can  secrete  against 
the  background  of  thermal  ncises  the  signal,  eqcal  to  then  according 

to  power,  then  at  this  distance  for  coamunicaticn/connection  between 
asimal  is  sufficient  the  power  not  2.5  kV,  which  arrange/locates 

electrical  slope,  but  the  power  to  6 orders  less,  i.e. , 


5*10-a  W. 
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Fcobably  alaost  all  focus  of  oacine  ani 
for  with  this  power  even  in  the  absence 
designed  electrical  organ/ccntcols. 

These  calculations  were  carried  cu 
cnly  themal  noises  can  linit  the  possi 
ccnmunication,  but  other  interferences 
is  necessary  to  discuss  the  usefulness 


la  1 

s wii 

:h  surplus  a 

re  provided 

of 

the 

large  anato 

micalall y 

t o 

n th€ 

> assumption 

that  the 

til 

itiej 

; of  radio 

cf 

tele 

they  do  not 

play.  It 

of 

this 

assumption. 

The  highly  developed  human  organism  in  the  process  of  evolution 
obtained  the  very  ideal  sense  organs.  For  example,  the  threshold  of 
audibility  only  on  of  partial  order  exceeds  the  level  of  the 
molecalar  noises  of  air.  Eye  distinguishes  the  flows  of  world/light, 
which  contain  in  all  only  half  dozen  of  photons.  True,  these  data 
concern  the  optimum  conditions,  when  ocgan/contcols  are  managed 
respectively  to  silence  and  to  darkness.  Nevertheless  they  show  the 
high  degree  of  the  physical  adaptability  of  human  organism. 


Page  20. 


It  is  necessary  to 
existence  of  which 
existence  of  humani 
npt  wprse  than  the 


expect  that  the  marine  animals,  the  duration  of 
on  many  orders  exceeds  the  duration  of  the 
ty,  are  adapted  to  the  medium  of  its  inhabiting 
man.  Tbeiefcre  judgment  abort  the  possibility  of 


I 


\ 


J 

I 
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the  e]|change  of  the  infociation  at  the  level,  i:eraissible  by  the 
physical  spontaneity,  is  not  presented  excessively  overstated. 

On  the  contrary,  from  subjective  human  practice  is  icnown  also 
the  additional,  psychological  adaptability,  realized  by  stress  of 
attention.  Under  conditions  of  fuss  and  populousness,  we  frequently 
correctly  understand  by  no  means  distinct  telephone  conversation,  if 
it  coKcerns  vital  questions.  Analogous  adaptability  usually  is 
exhibited  under  conditions  of  watch  or  boundary  service.  As  the  radio 
engineering  analog  of  this  additional  adaptability  can  serve  the 
correlation  methods  of  reception.  It  is  useful  to  recall  that  in  all 
cases  of  applying  correlation  methods  is  necessary  to  assign 
supplementary  time  for  the  interpretaticn  cf  ccrrelation. 

Inasmuch  as  the  orientation  among  plunderers  and  the  exchange  of 
the  information  about  the  presence  of  food  are  for  marine  animals 
vital  matter,  inasmuch  as  it  is  possible  tc  assume  that  the  level  of 
thermal  noises  serves  as  sufficiently  authoritative  standard.  To  it 
it  is  useful  to  rest  for  the  preliminary  estimation  of  the 
possibility  of  application/use  by  marine  animals  of  electromagnetic 
fields.  Those  forms  of  animals,  which  missed  this  possibility  without 
the  replacement  of  it  by  the  accelerated  multiplication,  the 
increased  chemical  sensitivity  or  the  organ/controls  of  protection 
and  attach,  were  doomed  for  extinction  and  at  present  scarcely  they 
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ar€  encountered. 

The  intensive  atterticn  to  this  question  cf  biological  circles 
can  ii  the  near  future  replace  such  estinations  with  aore  precise 
data. 


VII.  Bole  of  dielectric  coatings. 


One  should  discuss  the  radio  engineering  possibilities  of  the 
dipole  whose  spheres  are  covered  with  the  layer  of  perfect 
dielectric.  This  need  escape/ensues  frca  the  fact  that  narine  animals 
are  deprived  of  the  metallic  ccatings,  which  cculd  imitate  the 
surface  of  the  metall’c  spheres  of  model  radio  engineering  dipole. 

Let  the  thickness  of  this  layer  will  he  0 < 6 < rj,  and 
dielectric  constant  will  be  e*. 

then  the  spheres  cf  model  physical  dipole  are  spherical 
condenser/capacitors  (with  an  cutside  radius  cf  rj).  The 
capacitance/capacity  of  each  of  them  will  r ate/estimate  itself  so 
[12,  page  50  ]; 
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Page  21. 

lli€refore  current  generator  in  transmitting  dipcle  must  overcome  not 
coly  effective  resistance  /<?.)=  by  f crmula  (37)  , but  also 

capacitive 


Fcr  this  eaf  of  generator  it  must  te  respectively  increased  without  a 
change  in  the  active  power.  For  very  thick,  of  a small  dielectric 
constant  and  layer  a required  increase  in  the  stress  can  at  low 
frequencies  be  obtained  enormously.  The  corresponding  agreement  must 
te  realized,  also,  in  the  organism  of  animal,  that  accepts 
information.  Any  changes  of  the  field  in  the  environment  this 
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dielectric  coating  do  net  cause,  and  all  the  retaining  brought  out 
tcrnulas  remain  valid. 

Vjn.  Propagation  in  water  of  electromagnetic  waves  of  infrared 
region. 

In  section  4 (§3  and  4)  it  was  shown  that  the  radio  engineering 

evaluation  of  the  range  at  frequencies  higher  than  critical  ti)K  = 2n-10* 
tad/s,.  Xq  = 30  cm.  was  unreliatle.  Therefore  it  is  necessary  to  turn 
to  the  results  of  investigations  in  infrared  region. 

Figure  3 on  log-log  scale  depicts  the  published  in  the 
literature  results,  which  relate  to  the  distilled  water.  Along  the 
axis  of  abscissas  are  deposit/p cstponed  the  wavelengths  of  the 
corresponding  oscillations  in  vacuum  Xq  within  limits  almost  from 
visible  light  (Xq  = 1 p)  to  wavelength  Xq  = 1 Along  the  axis  of 
ordinates  is  deposit/postponed  distance  Xo»  for  extent/elongaticn  of 
which  the  energy  current  density  (intensity  of  world/light,  umov  - 
Foyting's  vector)  decreases  due  to  absorption  in  e once  within  limits 
from  1 p to  0, 1 km-  (Strength  of  field  E or  H decreases  in  e once  at 
the  doubled  distance)-  On  the  graph/diagram  it  is  represented  of  6 
dependences  of  these  distances  from  wavelength  Xq  [16-19]- 
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Figure  3 shows  that  in  the  distilled  water  the  absorption  of  all 
waves  in  the  indicated  range  sufficiently  is  well  studied  by  many 
researchers  by  different  methods  indeperdently  cf  each  other; 
absorption  very  greatly  and  cannot  allow  animals  to  extract 
information  from  sufficiently  large  distances  (for  example,  more  than 
1 m)  by  electromagnetic  methods  in  this  wavelength  range. 

Jn  sea  water  are  suspendn  the  numerous  light-diffusing 
particles,  including  animals  of  different  size/dimensions. 

Page  22. 

Smch  particles  scatter  part  of  the  initial  coherent  beam  of  light, 
than  attenuate/weaken  its  intensity,  i.e.,  is  caused  absorption.  This 
absorption  is  difficult  to  consider  in  infrared  region;  however, 
scarcely  whether  it  less  than  in  visible  light.  Therefore  the  data  cf 
fig.  3 one  should  consider  as  unattainable  cptimum. 

Thus,  and  in  infrared  radiation  band  cf  electromagnetic  nature 


cannot  be  used  by  animals  at  large  distances 


Ihe  comparison  of  the  radio  engineering  calculations  presented 
with  literature  data  of  the  positive  ccctect,  vhich  do  not  bear 
advertising  character,  noted  in  literature  survey/coverage,  shows 
that  the  Hinto  and  its  fcllcwers  make  vistakes,  assigning  the 
cbserted  cases  to  some  "new  vectorial  fields"  [2].  They  are  right  in 
the  fact  that  used  by  them  for  purposes  of  connunication/ccnnection 
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the  electcoaagnetic  phenomenon  - the  "currents  cf  spreading"  - 
reallf/act ually  was  thus  far  little  illuainated  in  the  literature  on 
the  qaestions  of  coaaunication/connecticn.  Ihe  currents  of  spreading 
greater  than  were  studied  in  the  theory  of  grounding  [13]  and  in  the 
theory  of  contacts  [20]. 

The  presence  of  connunication/connecticn  on  the  currents  of 
spreading  is  evident  frea  the  fact  that  the  e f ission/radia tion  "is 
oriented  along  the  axis  of  dipole"  [2].  This  occurs  precisely  because 
the  currents  of  spreading  at  close  distance  and  low  frequencies  by 
fornulas  (5)  are  twice  as  acre  as  in  pclar  direction,  rather  than  in 
equatorial.  Increasing  the  size/dimensiens  of  the  parallel  metallic 
plates  of  antenna  [3],  the  inventors  they  decrease  the 
resistor/resistance  of  antenna  dipole  Ra  and  at  the  assigned  power 
cf  transmitter  P increase  current  in  dipole  by  formula  (38),  in 
consequence  of  which  the  distance  of  communication/connect  ion  it 
increases.  It  is  understandable  that  the  sane  result  is  obtained  with 
an  increase  in  the  length  of  antenna,  fiinto  and  its  followers 
correctly  note  that  the  intensity  cf  reception  does  not  depend 
neither  on  salinity  nor  on  temperature  nor  cn  pressure,  i. e. , cn 
changes  in  the  conductivity  of  sea  water  (formula  (47)),  or  on 
agitation  at  sea  - the  wavelength  of  em iss icn/r adiation  considerably 
more  the  length  of  sea  waves  - and  on  man-made  interferences  - it  is 
utilized  the  very  Icw-f reguency  region  of  the  spectrum.  The  absence 
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c£  intecfece Dces  due  to  thundeistorns  [1]  causes  doubt.  Velocity  of 
propagation  they  erroneously  exaggerate,  although  formula  (36)  can 
explain  their  fallacy.  It  is  understandable  that  the  correct 
experimental  setup  on  biological  directionality  on  the  study  of 
electromagnetic  radiations  fcy  marine  animals  %iill  give  very  much 
useful  material  both  in  the  plan/layout  biological  and  in  plan/layout 
trader 
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